Summary These studies aimed to compare the effects of ␣ -linolenic acid (ALA) ϩ eicosapentaenoic acid (EPA) ϩ docosahexaenoic acid (DHA) on plasma-lipid concentrations and preferential fat intake of rats fed a lard diet (LD). Each of 2 groups of 4-wk-old male rats was used in studies 1 and 2. In studies 1 and 2, two groups of rats received the LD (LD group) and the fish-oil diet (FD; FD group), and the LD and the perilla-oil diet (PD; PD group), respectively (dietary treatment period). After 6 wk, 6 rats per group were sacrificed. The remaining rats in studies 1 and 2 were placed on a self-selection regimen of the LD and the FD, and the LD and the PD, respectively, for 3 wk (self-selection period). After the dietary treatment period, plasma lipid concentrations in the FD group were lower than those in the LD group. However, no significant difference in the concentrations was observed between the LD group and the PD group. At the beginning of the self-selection period, the ratio of the FD intake of the LD group was higher than that of the FD group. As the the ratio of the LD group decreased and that of the FD group increased no significant difference in the ratio was observed after the 9th day during the self-selection period. No significant difference in the ratio of the PD intake was observed between the LD group and the PD group during the selfselection period. Thus, although the FD decreased plasma lipid concentration and increased the preferential FD intake of the LD group at the beginning of the self-selection period, the PD did not. Our studies clearly show that dietary EPA ϩ DHA and ALA have different physiologic effects.
Lipids are considered to be important as a caloriedense nutrient and as a source for essential fatty acids (FAs). The essential FAs comprise n -6 and n -3 FAs. Linoleic acid (18:2 n -6), which is the most common source of n -6 FAs, is found in high concentrations in various vegetable oils. Arachidonic acid (20:4 n -6) is obtained by synthesis from linoleic acid in the body. There are a limited number of natural eicosapentaenoic acid (20:5 n -3; EPA)-and docosahekisaenoeic acid (22:6 n -3; DHA)-enriched sources, which are basically limited to fish and a few other seafoods ( 1 ) . An alternative source of n -3 polyunsaturated fatty acid (PUFA) is ␣ -linolenic acid (18:3 n -3; ALA), which was shown to become desaturated and elongated to EPA and DHA in humans ( 2 , 3 ) . Barceló-Coblijin et al. have shown that although the conversion of ALA into n-3 longer-chain FAs was low, consumption of plant-derived ALA could increase the phospholipid EPA and DHA content of red blood cells in a dose-and time-dependent manner ( 4 ). The known beneficial health effects of n -3 FAs on humans are a reduction in many risk factors associated with several diseases, including cardiovascular disease, diabetes and cancer (5) (6) (7) (8) .
On the other hand, although animal products such as meat, milk, milk products and eggs are essential as sources of good protein during the growth period, greater consumption of animal products is associated with a higher intake of animal fats containing nonessential FAs (saturated and monounsaturated FAs). It is also clear that greater consumption of animal fat is associated with a higher caloric intake as well as increased body weight and adipose tissues depositions ( 9 , 10 ). The risk and incidence of obesity, type-2 diabetes, atherosclerotic vascular disease and coronary heart disease are increasing in rapid proportion to the increased intake of animal fat (10) (11) (12) (13) . Although the physiological factors contributing to fat-diet self-selection are unknown, physiological homeostasis is maintained through a complex nutrient metabolic pathway regulated by hormones and the central nervous system ( 14 , 15 ) . However, it is difficult to decrease animal-fat intake because triacylglycerol (TG) is the principal lipid component of food and it enhances palatability by absorbing and retaining flavors and by influencing the texture of foods (16) (17) (18) . The large variations that exist in food choice, especially for fat preference, can be linked to animal strain, age, environment, genetic background or prenatal nutrition, feeding history and modifications of energy expenditure such as exercise and food deprivation ( 19-E-mail: yokon@seitoku.ac.jp 24 ). We were particularly interested in examining whether the dietary fat intake of rats during the growth period influences the preferential fat intake in later life. In a previous paper, we examined the ratio of high-fat, low-carbohydrate diet (HFD) intake of rats when they were placed on a self-selection regimen of a low-fat, high-carbohydrate diet (LFD) and one of three kinds of a HFD (lard HFD, soybean-oil HFD and fish-oil HFD) containing the same energy concentration as the LFD, respectively. The ratio of the HFD intake [HFD intake (g)/total intake (g)] for the fish-oil HFD group was lower than that for the lard HFD and the soybean-oil HFD groups ( 25 , 26 ) . Therefore, we concluded that the fishoil HFD had less preferable food properties than the other HFD.
n -3 PUFAs are regarded as therapeutic agents in dyslipidemia, cardiovascular disease and type-2 diabetes, due to their ability to inhibit inflammation of pathways as well as suppress the expression of a large number of genes related to lipid metabolism ( 27 ) . However, since we indicated previously that a fish-oil HFD represents low palatability for rats ( 25 , 26 ) , it might be difficult to spontaneously ingest a sufficient amount of n -3 PUFAs and fulfill daily requirements over a prolonged period. In order to clarify the reason that fish-oil HFD was not preferentially ingested by rats, we undertook in study 1 to compare directly the preference for a lard diet (LD) and a fish-oil diet (FD) when rats were placed on a selfselection regimen of both diets after being fed the LD or the FD during the growth period. We were particularly interested in examining whether rats fed the LD during the growth period would consume a larger amount of the LD or the FD to counteract the effect of an n -3 FA deficiency during the growth period and how this would compare with rats fed the FD. This study was conducted to clarify the effect of lard and fish oil intake during the growth period on preferential fat intake in later life using the FD and the LD with soybean oil added to avoid an n-6 FA deficiency.
Perilla oil containing high amount of ALA is an alternative source of the n -3 essential FA family. In order to examine whether the perilla-oil diet (PD) has less preferable food properties than the LD as compared to the FD, we undertook study 2, to compare the preference for the LD and the PD when rats were placed on a selfselection regimen of both diets after being fed the LD or the PD during the growth period. Further, although EPA and DHA have been shown to decrease blood lipid concentrations, the effects of ALA on blood lipids are equivocal (28) (29) (30) . The present study also compared the effects of the precursor n -3 PUFA (ALA) contained in perilla oil on blood lipid levels with those of EPA ϩ DHA containing fish oil. In studies 1 and 2, we also compared body and fat tissue weight and plasma and liver lipid concentrations of rats fed the LD with those of rats fed the FD or the PD, respectively, and discussed their relation to diet regimen and observed dietary preferences.
METHODS

Animals and diets.
Four-week-old male Fischer 344 rats were commercially obtained from CLEA Japan, Inc. (Tokyo, Japan). They were housed individually in stainless steel cages in a room kept at a constant temperature (23 Ϯ 1˚C) and illuminated with a 12-h light/12-h dark cycle. They had free access to food and water. They were weighed and food intake was measured every day to determine daily intake.
The studies were performed in accordance with the Animal Experimentation Guidelines of the Laboratory Animal Care Committee of Seitoku University.
The composition of the diets (LD, FD and PD) shown in Table 1 was based on the AIN-93G diet ( 31 ) . In order to avoid an n -6 FA deficiency, soybean oil (3 g/100 g diet) was added to the three diets. The FD and the PD were freshly prepared every day to avoid oxidation of lipids. Casein, lard, soybean oil and dietary components were obtained from Oriental Yeast Co., Ltd. (Tokyo, Japan). Fish oil and perilla oil were purchased from Nihon-Yushi Co. (Tokyo, Japan) and Benibana Foods Co., ltd. (Tokyo, Japan), respectively. The FA composition of the diets is shown in Table 2 .
Experimental design. Study 1: Thirty-two 4-wk-old male rats were divided into two equal groups. One group received the LD (LD group) and the other group received the FD (FD group) as shown in Table 1 (dietary treatment period). After 6 wk, 6 rats in each of the two groups were sacrificed. The remaining rats in both groups were placed on a two-choice diet program in which they self-selected from two food cups, each containing either the LD or the FD for 3 wk (self-selection period).
Study 2: Thirty-two 4-wk-old male rats were divided into two groups. One group received the LD and the other group received the PD (PD group) (dietary treatment period). After 6 wk, 6 rats in each of the two groups were sacrificed. The remaining rats in both groups were provided both the LD and the FD placed in separate cups for 3 wk (self-selection period). In studies 1 and 2, dietary ingestion of both diets and body weight were measured every day. All rats were anesthetized and blood was collected by heart puncture with a heparinized syringe. After centrifugation (3,000 rpm ϫ 15 min), plasma was removed, frozen immediately and stored at Ϫ 80˚C until analysis. Liver and perirenal fat tissue were removed and weighed.
Analytical methods. Hepatic lipids were extracted by the methods developed by Folch et al. ( 32 ) . TG and total cholesterol (T-cho) concentrations in plasma samples and liver extracts were measured using test kits (TG: Triglyceride E-test Wako, T-cho: Cholesterol E-test Wako) (Wako Pure Chemical Industries, Ltd., Osaka, Japan).
Statistical analysis. Values were expressed as the mean Ϯ SD. Student's t-test was used for all pair-wise comparisons (Tables 3 and 4) . Comparison between groups was made by two-way ANOVA in Figs.1 and 2 . Differences in values between groups were tested utilizing Scheffe's multiple-range test. Differences were considered significant at p Ͻ 0.05.
RESULTS
Study 1
During the dietary treatment period, no significant difference in total food intake was observed between the LD and the FD groups (Table 3) . At the end of the dietary treatment period, no significant difference in body, liver or perirenal fat tissue weight was observed between the two groups. Plasma TG and T-cho concentrations in the FD group were lower than that of the LD group ( p Ͻ 0.05). Although no significant difference in liver TG concentration was observed between the two groups, liver T-cho concentration of the FD group was higher than that of the LD group ( p Ͻ 0.05).
During the self-selection period, no significant difference in total food intake or body weight was observed between the two groups. However, although the LD intake in the LD group was lower than that in the FD group, the FD intake in the LD group was higher than that of the FD group ( p Ͻ 0.05). Therefore, the ratio of the FD intake in the LD group was significantly higher than that in the FD group (pϽ0.05). The ratio of the FD intake during the self-selection period is illustrated in Fig. 1 . On days 1 to 3 of the self-selection period, the ratio of the FD intake in the LD group and the FD group was 48 and 13%, respectively. However the ratio in the LD group decreased and that in the FD group increased within days 7 to 9. After the 9th day, no significant difference in the ratio was observed between the two groups.
After the self-selection period, no significant difference in body, liver and perirenal fat tissue weights and plasma and liver lipid concentrations was observed between the two groups.
Study 2
During the dietary treatment period, no significant difference in total food intake was observed between the LD group and the PD group (Table 4) . After the dietary treatment period, no significant difference in body, liver and perirenal fat tissue weights, and plasma lipid concentrations was observed between the two groups. Although no significant difference in liver TG concentration was observed between the two groups, the liver T-cho concentration of the PD group was higher than that of the LD group (pϽ0.05).
During the self-selection period, no significant difference in total food intake or body weight was observed between the LD group and the PD group. No significant difference in the LD and the PD intake and the ratio of the PD diet intake was observed between the two groups. The ratio of the PD intake during the self-selection period is illustrated in Fig. 2 . No significant difference in the ratio was observed between the two groups for 21 d. After the self-selection period, no significant difference was observed in body, liver and perirenal fat tissue weights, or plasma and liver lipid concentrations between the two groups. Fig. 2 . The ratio of the perilla-oil diet intake to total diet intake during the self-selection period for 3 wk in rats fed the lard diet or the fish-oil diet during the dietary treatment period of 6 wk. Values are expressed as meanϮSD (nϭ10).
DISCUSSION
One major aim of study 1 was to determine the preference for the FD by rats fed the LD or the FD during the growth period. The palatability of the diets used in the present studies was clearly an important factor in interpreting the results. When both groups of rats fed the LD and the FD were placed on a self-selection regimen of the LD and the FD at the beginning of the self-selection period, the ratio of the FD intake by rats fed the LD was higher than that by rats fed the FD, the ratio of the LD group had decreased and that of the FD group had increased. After the 9th day, no significant difference in the ratio was observed between the two groups (Fig. 1) . The present findings indicate that palatability of the FD for rats fed the LD during the dietary treatment period was higher than that of the FD at the beginning of the self-selection period, and this contributes to greater consumption of the FD compared to the LD because there are many reports that dietary fats are absorbed very effectively from the digestive tract and an increase in plasma n-3 FA content, particularly EPA and DHA, are observed after consumption of fish oil enriched diet (4, 30, (33) (34) (35) (36) . These results lead us to conclude that, at the beginning of the self-selection period, rats fed the LD consumed a larger amount of the FD than rats fed the FD diet to counteract the effect of an n-3 FA shortage during the experimental period.
The ratio of the FD intake for both groups fed the LD and the FD was about 20% after the 9th day during the self-selection period. The essential FA ratio (n-6 FAs/n-3 FAs) of diet self-selected by both groups was calculated at 2.7 from the n-6 FA and the n-3 FA contents of the LD and the FD. After the initial period of counteracting the effect of an n-3 FA shortage during the dietary treatment period, no significant difference in the ratio of the FD intake was observed between the groups fed the LD and the FD. We assumed that rats had the ability to selfselect a FD and a LD in an adequate essential FA ratio spontaneously.
Shozawa et al. reported that plasma lipid concentrations in the two groups of mice fed 30 and 60 energy% fish-oil diets was lower than that in the two groups of mice fed 30 and 60 energy% safflower-oil diets (37) . Further, they reported that consumption of the fish oil did not decrease the plasma lipid concentration in a dose-dependent manner because no significant difference in the concentrations was observed between the mice fed the 30 and the 60 energy% fish-oil diets. Although the amount of lipid in the LD and the FD used in this study was 10% (23 energy%), the plasma lipid concentrations in rats fed the FD were lower than those of rats fed the LD. The n-6 FAs/n-3 FAs of the FD consumed by FD group during the dietary treatment period and those of the diet self-selected by the FD group after the 9th day during the self-selection period were 0.69 and 2.7, respectively. Thus, although the n-6 FAs/n-3 FAs of the diet self-selected after the 9th day during the self-selection period by the FD group were about 4 times higher than those of the FD diet consumed during the dietary treatment period, no significant difference in the plasma lipid concentrations of the FD group was observed between the period following dietary treatment and the period following self-selection. Therefore, it was believed that the two groups fed the LD and the FD during the dietary treatment period might both selfselect a minimum amount of FD that did not increase the plasma lipid concentration because, as we have already reported, a fish-oil HFD does not have food properties preferable to a lard HFD (25, 26) .
Another aim of this study was to determine whether the FD and the PD had the same effects on plasma lipid concentrations and on the preferential intake of n-3 FA by the LD group at the beginning of the self-selection period. As shown in Table 4 , after the dietary treatment period, no significant difference in the plasma lipid concentrations (TG and T-cho) was observed between the groups fed the LD and the PD. We concluded that ALA in the PD failed to reduce the plasma lipid concentration. Although many reports also showed that diets enriched with fish oil reduce plasma TG concentration (30, (33) (34) (35) , Finnegan et al. reported that 4.5 and 9.5 g ALA intervention for 6 mo failed to reduce fasting and postprandial plasma lipid concentrations (33) and Barceleó-Coblijin et al. reported that 3.6 g flaxseed oil intervention for 12 wk failed to reduce plasma lipid concentrations (4) . It has been reported that dietary ALA can be converted to long-chain n-3 PUFA in animals and may reproduce some of the beneficial effects of EPAϩDHA (4, 5) .
Although conversion of ALA into longer-chain FAs was previously reported, ALA was less effective at increasing long-chain n-3 PUFA-tissue concentration when compared gram for gram in raising tissue concentrations (7 g ALA is approximately equivalent to 1 g EPAϩDHA) (2, 29) . It has been suggested that, in addition to undergoing ␤-oxidation, ALA can be recycled into other fatty acids. During the dietary treatment period, since the amount of EPAϩDHA converted from ALA was about 6.3 (%) (44.4÷7) in the PD group, the value was lower than the amount of EPAϩDHA in the FD (Table 2 ). Therefore, in study 2, no significant difference in the plasma lipid concentration was observed between the groups fed the LD and the PD after the dietary treatment period.
When rats fed the LD were placed on a self-selection regimen of the LD and the PD during the self-selection period, they did not consume a larger amount of the PD (Fig. 2) . From these results, it was believed that the PD could not counteract the effect of an n-3 FA shortage in rats fed the LD because the beneficial effects of ALA are due to conversion to long chain n-3 PUFAs rather than to any effect of ALA per se.
In conclusion, our studies clearly showed that dietary EPAϩDHA and ALA had different physiologic effects. We concluded that, although plasma lipid concentrations in the group receiving the FD during the dietary treatment period was lower than that in the group receiving the LD, no significant difference in plasma lipid concentrations was observed between the groups receiving the PD and the LD. Our results also indicated that at the beginning of the self-selection period, although the FD could increase the preferential FD intake of rat fed the LD during dietary treatment period, the PD could not.
